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1. PURPCSE.  This Advisory Gircular (AC) provides information and gui dance con-
cerning an acceptable nmeans, but not the only neans, of conpliance with Parts 23
or 25 of the Federal Aviation Regulations (FAR), applicable to preventing igni-
tion of fuel vapors due to lightning. Accordingly, this material is neither man-
datory nor regulatory in nature and does not constitute a regulation. In lieu of
followng this nethod, the applicant nay elect to establish an alternate method
of conpliance that is acceptable to the FAA for conplying with the requirenents
of Section 23.954 and 25.954.

2. SCOPE.  This Advisory Circular provides guidance for a neans of show ng
compliance With regulations for protection against lightning fuel vapor ignition
hazards to airplane fuel systems of conventional design as well as for those

i nvol ving advanced conposite structures or other new technol ogies. The document
incorporates information and references related to inprovements in the state-of-
the-art, with respect to lightning effects and verification nethods that have
taken place since the previous version' of this Advisory Grcular was published.
Ignition hazards addressed include those due to direct effects (on fuel tank
structure/ conponents and plunbing) as well as indirect effects on wires or cir-
cuits in a fuel vapor cavity (such as fuel quantity probes). uidance in this
document applies to fuel tanks and systems which are a part of the structure of
an airplane, as well as externally nounted tanks on wing tips, fuselage, or other
parts of the airplane. This guidance applies to systens included in the initia
design as well as nodifications, such as additional tanks or other fuel system
conponents.  Since externally mounted tanks are often located in direct |ightning
strike zones, they may be especially vulnerable to lightning hazards if not ade-
quately protected.

NOTE: This advisory circular does not address the indirect induced
effects (upset or damage) on either analog or digital electronic or
electrical systems, except as they relate to fuel ignition hazards.

3. CANCELLATION. Advisory Grcular No. 20-53, -effective COctober 6, 1967

4. RELATED FAR SECTI ONS. Part 23, section 23.954, and Part 25, section 25.954,

5. RELATED READI NG MATERIAL. A conprehensive discussion on this subject, with
addi tional nonregulatory guidance information, is available in the follow ng
docunent Users Manual for AC20-53A, "Protection of Airplane Fuel System Agai nst
Fuel Vapor Ignition Due to Lightning," Report Nunber por/Faa/cT-83/3. Thi s docu-
ment is available to the public by order through the National Technica
Information Service, Springfield, Virginia 22161.




AC 20-53A 4/12/85 —

6. BACKGROUND.

a. Airplanes flying in and around thunderstorns are often subjected to
direct lightning strikes as welT as to nearby Tightning strikes which nmay produce
corona and streamer formations on the airplane.

b. Elenents of the fuel systemare typically spread throughout nuch of an
ai rplane and occupy nuch of its volume. They include the fuel tanks thenselves,
as well as other areas that may contain fuel vapors, plus associated vents,
transfer plumbing, electronic controls, and instrumentation. Careful attention
to all of these elenents is necessary for adequate protection.

c. For purposes of design and provisions of |ightning protection, it is
assumed that the properties of the fuel used by civil airplanes, both piston and
turbine engine powered, are such that a combustible mxture is present in the
fuel tank at all times. Therefore, the conbination of the flamuable fuel/air
ratio and an ignition source at the time of a lightning strike could produce a
hazar dous condition for the vehicle. To prevent this condition fromoccurring, a
review and elimnation of the possible ignition sources within the fuel tank/fue
system shoul d be conduct ed.

d. Assuming that flammble mxtures may exist in any part of the fue
system sone items and areas susceptible to fuel Tgnition include, but are not
lImted to, vent outlets, metal fittings inside fuel tanks, fuel filler caps and
access doors, drain plugs, tank skins, fuel transfer lines inside and outside of
the tanks, electrical bonding junmpers between conponents in a tank, nechanica
fasteners inside of tanks, and electrical and electronic fuel system conponents
and wiring.

e. User's manual contains further discussion and illustrations of hazardous
areas and possible corrective neasures.

f. Protection of fuel systems fromlightning should be acconplished by one
of the folTow ng approaches:

(1) Elimnpating sources of ignition.

(2) Ensuring that allowable tank pressure levels are not exceeded if
Lgnition does occur and/or that the fuel tank atmsphere will not support com
ustion

g. The preferred approach is to prevent any direct or indirect source of
ignition of the fuel by Iightning. Acconplishment of this approach is quite
challenging because thousands of anperes of current are conducted, and a spark
of ==2x10™* joule may be all the energy that need be released inside a fuel tank
toinitiate a fire or explosion.

7. DI SCUSSI ON

a. Key considerations of the fuel systenilightning phenonena are:
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(1) Flarmabl e mixtures may exist in any part of the fuel system par-
ticularly in the tank and/or vent conponents.

(2) Flammabl e vapors in vent outlets may be susceptible to ignition by
either streanering or direct strokes.

(3) Streamers or corona can contain sufficient energy to serve as an
ignition source

(4) Strike attachnment to poorly conductive parts may contain enough
energy to cause sparking on the inside of the fuel tank which, in turn, could
ignite flamrabl e vapors.

(5) Strike attachments may puncture the skin, heat fuel tank skins, or
cause arcing in fuel tank structures.

(6) Lightning currents flowing in fuel system internal conponents, such
as fuel and vent lines, conduits, or internal structural elenents may produce
el ectrical sparks capable of igniting flammable vapors. This possibility is of
speci al concern when the tank structure is nade of nonnetallic naterial.

(7) Lightning currents flowing in the airframe can create voltage dif-
ferences and el ectronagnetic fields which may induce transient voltages and
currents in fuel systemelectrical wring and hardware.

(8) Strike attachnent nmay cause deterioration of adhesives/structural
bondi ng or fasteners to the extent that the tank integrity would, or could, be
| ost.

b. The excellent lightning safety record of civil airplanes is attributed
to the high electrical conductivity of the alum numalloys used in airplane fue
tank construction and to designs which suppress interior sparking at severe
lightning current |evels.

c. Conposite materials, such as the carbon fiber conposites (CFC), when
used for fuel systens, present difficulties in providing equival ent protection
because of their lower electrical conductivity. New construction techniques,
such as adhesi ve bonding, nmay have limted conductivity for |ightning current
flow, Aso, indirect effects, such as lightning induced voltages in fuel system
electrical wiring and other conducting elenents, nay be nore severe within com
posite structures than within conventional alum num airfranes.

d. Airplane fuel systemlightning interaction.

(1) Lightning can be a hazard to airplane fuel systens if they are not
properly designed. The protection of a properly designed system may be negated
if it is not correctly fabricated and mai ntai ned.
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(2) The effects of lightning on airplanes can range from severe obvious
danmage (such as tearing and bendi ng of airplane skins resulting from hi gh nagne-
tic forces, shock waves, and blast effects caused by the high current, and
melting of netal skins caused by the |ower |evel |onger duration currents of some
lightning strikes) to seemingly insignificant sparking at fasteners or joints.
However, if the sparking occurs in a fuel vapor space, ignition of the fuel vapor
may result with unacceptabl e expl osi on danage.

(3) All or a portion of the lightning current may be conducted through
fuel tanks or fuel system conponents. It is inmportant to determ ne the current
flow paths through the airplane for the many possible lightning attach points so
that current entry into the fuel systemcan be safely accounted for by
appropriate protective measures.

(4) Metals, low electrical conductivity conposite materials (e.g., car-
bon fiber reinforced conposites), and electrical insulating materials (e.qg.,
fiberglass and aram d reinforced conposites) all behave differently when
subjected to [lightning. Yet each of these materials may be used in simlar air-
pl ane applications (e.g., wing skins or fuel tanks). The netals offer a high
degree of electrical shielding and sone nmagnetic shiel ding, whereas the electri-
cal insulating materials (dielectrics) offer alnost no electrical or nagnetic
shi el di ng. As a result of the latter properties, |ightning does not have to cone
in direct contact with fuel systens to constitute a hazard. Li ghtni ng can i nduce
arcing, sparking, or corona in fuel areas which nmay result in fuel ignition

(5) The damage when using totally nonconducting materials, such as the
fiberglass and aramd (e.g., Kevlar) reinforced conposites, can be considerably
nore severe as the discharge can nore easily penetrate into the interior and
cause direct fuel vapor ignition.

(6) Lightning strikes can result in sparking and arcing within fuel
systems unl ess they are designed to be spark free. Fl ammabl e vapors can be
ignited in netal and sem -conducting fuel tanks by arcing and in dielectric fue
tanks by magnetic and electrical field penetration which can cause sparKking,
arcing, streamer, or corona discharge

8. DEFINITIONS. See appendix 1 for List of Definitions.

9. APPROACHES TO COWPLIANCE. In general, the steps below outline an effective
met hod to show conpl i ance:

a. Determ ne the Lightning Strike Zones. Deternmine the airplane surfaces, or
zones, where lightning strike attachment is likely to occur, and the portions of
the airframe through which currents may flow between these attachment points.

The lightning strike zone |ocations are defined in paragraph 10b, and gui del i nes
for locating themon particular airplanes are given in paragraph 10c.

b. Establ i sh the Lightning Environment, Establ i sh the component(s) of the
total lightning event to be expected 1n each lightning strike zone. They are the
currents and voltages that should be considered and are described in paragraphll,
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c. Identify Possible Ignition Sources. Identify systens and/or conponents
that mght be ignition sources to fuel vapor. Ignition hazards may incl ude
structures as well as fuel system mechanical and electrical/electronic com
ponents associated with the fuel tanks.

NOTE: In order to provide concurrence on the certification conpliance,
the above three sequential steps should be acconplished, reviewed
with the appropriate FAA personnel, and an agreenent reached prior
to test initiation to prevent certification del ays.

d. Establish Protection Criteri a. Establish lightning protection pass/fail
criteria for those itens to be eval uated.

e. Verify Protection Adequacy. Verify the adequacy of the protection
designs by simlarity with previously proven installation designs, simulated
lightning tests, or acceptable analysis. When analysis is utilized, appropriate
margins to account for uncertainties in the anal ytical techniques nay be
required. Devel opnental test data may be used for certification when properly
docunented and coordi nated with the certification agency. See section titled
"Conparison with Devel opnent Tests" of the Users Manual .

NOTE: Except for standard design/installation itens which have a history
of acceptability, any new material, design, or unique installation
shoul d follow the additional guidelines provided herein to ensure
certification conpliance can be acconpli shed.

f. Li sted bel ow are the steps to be foll owed as appropriate in assuring
conpliance with the regul ati ons:

(1) Generate a certification plan which describes the analytical proce-
dures and/or the qualification tests to be utilized to denonstrate protection
effectiveness. Test plans shoul d describe the production or test article(s)
to be utilized, test drawing(s) as required, the method of installation that
sinmul ates the production installation, the lightning zone(s) applicable, the
l'ightning simulation method(s), test voltage or current waveforns to be used,
spark detection nethods, and the appropriate schedules and |ocation(s) of proposed
test(s).

(2) otain FAA concurrence that the certification plan is adequate.

(3) Ootain FAA detail part conformty of the test articles and
installation conformty of applicable portions of the test setup.

(4) Schedul e FAA witnessing of the test.

(5 Subnmit a final test report describing all results and obtain FAA
approval of the report.




AC 20-53A 4/12/85

10. LIGHTNING ATTACHVENT ~ PHENOVENA

a. Swept - Stroke  Phenonenon

(1) The lightning channel is somewhat stationary in air while it is
transferring electrical charge. Wen an airplane is involved, the airplane
becones part of the channel. However, due to the speed of the airplane and the
length of tinme that the lightning channel exists, the airplane can nove relative
to the lightning channel. Wen a forward extremty, such as a nose or W ng
mounted engine pod is an initial attachnent point, the novement of the airplane
through the Iightning channel causes the channel to sweep back over the surface
as illustrated in figure 1 of appendix 2, producing subsequent attachnent
points.  This is known as the swept-stroke phenomenon. As the sweeping action
occurs, the characteristics of the surface can cause the lightning channel to
reattach and dwel| at various surface |ocations for different periods of tine,
resulting in a series of discrete attachnent points along the sweeping path.

(2) The amount of damage produced at any point on the airplane by a
swept - stroke depends upon the type of material, the dwell time at that point, and
the lightning currents which flow during the attachnment. Both high peak current
restrikes with internediate current conponents and continuing currents nay be
experi enced. Restrikes typically produce reattachnment of the arc at a new point.

(3) Wen the lightning channel has been swept back to one of the
trailing edges, it may remain attached at the point for the remaining duration of
the lightning event. An initial attachment point at a trailing edge, of course,
woul d not be subjected to any swept-stroke action, and therefore, this attachment
point will be subjected to all conponents of the Iightning event.

(4) The significance of the swept-stroke phenonenon is that portions of
the vehicle that would not be targets for the initial attachment points of a
lightning flash may also be involved in the lightning strike process as the
l'i ghtning channel is swept backwards, although the channel may not remain
attached at any single point for very long. On the other hand, strikes that
reach trailing edges must be expected to remain attached there (hang-on) for the
bal ance of their natural duration

b. Lightning Strike Zone Definitions. To account for each of the possibili-
ties described in the foregoing paragraphs, the follow ng zones have been
def i ned:

(1) Zone 1.

i, Zone 1A: Initial attachment point with low possibility of
lightning arc channel hang-on

i, Zone 1B: Initial attachment Foint with high possibility of
lightning arc channel hang-on
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(2) Zone 2.

1 Zone 2A: A swept-stroke zone with low possibility of
[ightning arc channel hang-on.

ii. Zone 2B: A swept-stroke zone with high possibility of
[ightning arc channel hang-on.

(3) Zone 3. Al of the vehicle areas other than those covered by
Zone 1 and 2 regions. In Zone 3, there is a low possibility of any attachnent of
the [lightning channel. Zone 3 areas may carry substantial anmounts of electrical
current, but only by conduction between sone pair of attachment points.

(4) The zone definitions are in basic agreenent with the definitions of
earlier versions of this Advisory Grcular, except that the forner Zones 1 and 2
have been subdivided to account for |ow and high possibilities of the lightning
arc channel hang-on (figures 2 & 3) shown in appendi x 2. The locations of these
zones on any airplane are dependent on the airplane's geonetry and operati onal
factors, and often vary fromone airplane to another.

C. Location of Lightning Strike Zones. Wth these definitions in mnd, the
| ocations of each zone on a particular airplane may be determ ned as foll ows:

(1) Extremties such as the nose, wing and enpennage tips, tail cone,
Wi ng-nmount ed nacel l es, and ot her significant projections should be considered as
within a direct strike zone because they are probable initial |eader attachment
poi nts. Those that are forward extremties or |eading edges should be in
Zone 1A, and extremties that are trailing edges should be in Zone 1B, Most of
the time, the first return stroke will arrive shortly after the | eader has
attached to the airplane, so Zone lAis limted to the immediate vicinity (i.e.,
approxi mately 18 inches (0.5m) aft> of the forward extremty. However, in rare
cases the return stroke nmay arrive sonewhat |ater, thereby exposing surfaces
further aft to this environment. This possibility should be considered if the
probability of a flight safety hazard due to a Zone 1A strike to an unprotected
surface is high.

(2) Wiere questions arise regarding the identification of initial
attachnment | ocations or where the airframe geonetry is unlike conventional
designs for which previous experience is available, scale nodel attachnent point
tests may be in order. I nformati on on nodel testing can be found in the User's
Manual .

(3) Surfaces directly aft of Zone 1A should be considered as within
Zone 2A. Cenerally, Zone 2A will extend the full length of the surface aft of
Zone 1A, such as the fusel age, nacelles, and portions of the wi ng surfaces.

(4) Trailing edges of surfaces aft of Zone 2A should be considered
Zone 2B, or Zone 1B if initial attachnent to them can occur. [f the trailing

edge of a surface is totally non-conductive, then Zone 2B (for 1B) shoul d be pro-
jected forward and/or inboard to the nearest conductive surface.
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(5) Surfaces approximately 18 inches (0.5m) to either side of initial-
or swept-attachment points established by steps (1) and (2) of paragraph ¢ shoul d
al so be considered as within the sane zone, to account for small |ateral nove-
nments of the sweeping channel and |ocal scatter anbng attachnent points. For
example, the tip of a wing would normally be within Zone 1A (except for its
trailing edge, which would usually be in Zone 1B). To account for lateral notion
of the channel and scatter, the top and bottom surfaces of the wing 18 inches _
(0.5m) inboard of the tip should also be considered as within the sane zones. ~

(6) Surfaces of the vehicle for which there is a |ow possibility of
direct contact with the lightning arc channel that are not within any of the
above zones, but which |ie between them should be considered as within Zone 3.
Zone 3 areas nust carry substantial amounts of electrical energy.

11, LIGHTNING  ENVI RONMVENT. For verification purposes, the natural |ightning
envi ronment (which conprises a wide statistical range of current levels, dura-
tion, and nunber of strokes) is represented by current test Conponents A through
E, and voltage Components A, B, and D (per figures 4, 5 and 6) shown in

appendix 2. Wen testing or analysis are required, the follow ng wavef orns

should be used. (Applications of waveforns and lightning zones are detailed in
appendi x  3.)

a. Cur rent Wavef or ns. There are four current conponents (A B, C and D
that are applied to determine direct effects. CQurrent waveformE is used in
tests to determne indirect effects. Conmponents A, B, C, and D each simulate a
different characteristic of the current in a natural lightning flash and are
shown in figure 4 of appendix 2. They are applied individually or as a conposite

of two or nore conponents together in one test. The tests in which these wave-
forns are applied are presented in appendi x 3.

(1) Conponent A = Initial Hgh Peak Current. Component A has a peak
anpl i tude of 200kA (+10 percent) and an action integral (Jfi2dt) of 2x106AZs-
(+20 percent) with atotal tine duration not exceeding 500 nicroseconds. This
conmponent nay be unidirectional or oscillatory. For analysis purposes, a double
exponential current waveform should be used. This waveformrepresents a return
stroke of 200,000 anperes peak at a peak rate of rise of 1x10 11a/s, This wave-
formis defined mathematically by the doubl e exponential expression shown bel ow

o<t - gt
i(t)y =1, (E =€)
wher e Io = 223,000(4)

oc= 11,000 (s~')

jH

B = 460,000 (s-)

t =time(s)
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(22 Conponent B « Internediate Current.  Conmponent B has an average
anplitude of 2kA (+10 percent) flowing for a maximum duration of 5 mlliseconds
unidirectional; e.g., rectangular, exponential, or linearly decaying. For analy-
sis purposes, a double exponential current waveform shoul d be used. This wave-
formis described mathematically by the double exponential.
-OCt "'ﬂt
i(t) =1 (€= &)

I, = 11300(A)

o<= 700 (s°1)

g = 2000 (s~")

t time (s)

If the dwell tinme is more than 5ms, apply an average current of
400A for the remaining dwell tine. The dwell tine shall have been determ ned
previously through a swept-stroke attachment test or by analysis. If such deter-
m nation has not been made, the dwell tine shall be taken to be 50ns.

(3) Component C = Continuing Current. Component C transfers a charge
of 200 coul onbs (+20 percent) in a time of between 0.25 and 1 second. This
inplies current amplitudes of between 200 and 800 anps. The waveform shall be
uni di rectional : e.g., rectangular, exponential or linearly decaying. For analy-
sis purposes, a square waveform of 200A for a period of 1 sec. should be utilized.

(4) Conponent D - Restrike Current. Conponent D has.a peak anplitude
of 100kA (+10 percent) and an action integral of 0.25x10642 s (+20 percent).
Thi s component may be either unidirectional or oscillatory with-a total time
duration not exceeding 500 microseconds. For analysis purposes a double esponen-
tial current waveformshould be used. This waveformrepresents a re-strike of
100,000 anperes peak at a peak rate-of-rise of 0.5x1011a/s, The waveformis
defined mathematically by the double exponential expression shown bel ow

-t - gt
i(e) = I (€= ¢)
1, = 130,000 (A)
o< = 27,500 (s~')
B = 415, 000 (s=!)
t =tine (s)

(5) Current Waveform E - Fast Rate-of-Rise Stroke Test for Full Size
Hardware. ~ Current waveformE has a rate-of-rise of at |east 25kA/us for at |east
0.5 nicroseconds, as shown in figure 4 of appendix 2. Current waveform E has a

m ni mum anpl i tude of 50kA.  Alternatively, conponents A or D may be applied with
a 25kA/mps rate-of-rise for at least 0.5 mcroseconds and the direct and indirect
effects evaluation conducted sinultaneously.
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i. Indirect effects measured as a result of this waveform nust be
extrapolated as follows. I nduced vol tages dependent upon resistive or diffusion
flux should be extrapolated linearly to a peak current of 200 kA,

ii. I nduced vol t ages dependent upon aperture coupling should be
extrapolated linearly to a peak rate-of-rise of 100 kA/us.

b. Vol tage Wavefornms ~ Test. There are three voltage waveforns, "A " "B,™
and *D,"™ which represent the electric fields associated with a lightning strike.
Vol t age waveforns ' A and "D'" are used to test for possible dielectric puncture
and other potential attachment points. Voltage waveform "B" is used to test for
streamers. The tests in which these waveforns are applied are presented in
appendi x 3.

(1) Voltage Waveform A - Basic Lightning Waveform \Waveform A has an
average rate-of-rise of 1x10® volts per mcrosecond (+50 percent) until its
increase is interrupted by puncture of, or flashover across, the object under
test. At that time, the voltage collapses to zero. The rate of vol tage coll apse
or the decay tinme of the voltage if breakdown does not occur (open circuit
vol tage of lightning voltage generator) is not specified. Voltage waveformA is
shown in figure 5 of appendix 2.

(2) Voltage Waveform B = Full Wave. \Waveform B rises to crest in 1,2us

(+20 percent). Time-to-crest and decay tine refer to the open circuit voltage of
the lightning voltage generator, and assune that the waveformis not linmted by o
puncture or flashover of the object under test. This waveformis shown in

figure 5 of appendi x 2.

(3) Voltage Waveform D = Sl ow Front. The sl owfronted waveform has a
rise time between 50 and 250 microseconds to allow time for streaners fromthe
test object to develop. It should give a higher strike rate in tests to the | ow
probability regions that m ght have been expected in flight. This waveformis
shown in figure 6 of appendix 2.

SEPH A PONTECORVO
Deputy Director, Ofice of Airworthiness
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PURPCSE. For the purposes of this AC, the following definitions apply:

a. Action Integral. The action integral concept is difficult to visualize,
but is a critical factor in the production of damage. It relates to the energy
deposited or absorbed in a system However, the actual energy deposited cannot
be defined w thout a know edge of the resistance of the system For exanple, the
i nst ant aneous power dissipated in a resistor is by Chms Law, i(t)ZR, and- is
expressed in watts, For the total energy expended, the power nust be integrated

over time to get the total watt-seconds (or kilowatt hours). The watt-second is
equivalent to the joule. Wthout a know edge of R we cannot specify the energy
deposi t ed. By specifying the integral of i(t)2 over the time interval involved,

a useful quantity is defined for application to any resistance val ue of interest.
In the case of lightning, therefore, this quantity is defined as the action
integral and is specified as/i (t)2dt over the tine the current flows.

b. Attachment  Point. A point of contact of the lightning flash with the
ai rplane surface.

c. Average Rate-of-Rise of Voltage. The average rate-of-rise, dv/dt, of a
waveform is defined as the slope of a straight line drawn between the points
where the anplitude is 30 percent and 90 percent of its peak val ue.

d. Charge Transfer. The charge transfer is defined as the integral of the
time-varying current over its entire duration,J i(t)dt.

e. Cor ona. A lum nous di scharge that occurs as a result of an electrical
potential difference between the airplane and the surroundi ng at nosphere.

f. Decay Tine of a Voltage Waveform  The decay time of a waveformis
defined as the tine interval between the intersect with the abscissa of a line
drawn through the points where the voltage is 30 percent and 90 percent of its
peak value during its rise, and the instant when the vol tage has decayed to 50
percent of its peak val ue.

g. Direct Effects. Physi cal damage effects caused by |ightning attachment
directly to hardware or conponents, such as arcing, sparking, or fuel tank skin
punc ture.

h. Lightning Attachnent. Contact of the main channel of a lightning flash
with the airplane.

i Dael ] Tine. The period of time that the |ightning arc channel remains
attached to a single spot.

Je Indirect Effects. The results of electromagnetic coupling from
l'ightning (such as induced sparking in fuel quantity probe wring).
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k. Leader. The stepped leader is initiated by a prelimnary breakdown
within the cloud. The prelimnary breakdown sets the stage for negative charge
to be channel ed towards the ground in a series of short, |um nious steps.

1. Lightning Flash. The total |ightning event in which charge is trans-

ferred fromone charge center to another. It may occur within a cloud, between
clouds, or between a cloud and ground. It can consist of one or nore [ightning.
strokes.

m. Lightning Strike. Any attachment of the lightning flash to the
ai rpl ane.

n. Lightning Stroke (Return Stoke). A lightning current surge, return
stroke, that occurs when the lightning | eader makes contact with the ground or
another charge center.

0. Streaneri ng. The branch-1ike ionized paths that occur in the presence
of a direct stroke or under conditions when |ightning strokes are inminent.

P- Swept - Stroke. A series of successive attachments due to sweeping of the
flash across the surface of the airplane by the notion of the airplane.

q. Tine-to-Gest of a Voltage Waveform  The' tine-to-crest of a waveform
is defined as 1.67 tinmes the tine interval between the instants when the anpli -
tude is 30 percent and 90 percent of its peak val ue.

r. Tinme Duration of a Qurrent Waveform The tine duration of a current
waveformis defined as the time for initiation of current flow until the anpli-

tude (peak anplitude in the case of a danped sinusoid) has reduced to 5 percent
of its initial peak val ue.
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TO -~ |nitial Attachnents

Ty.g Subsequent Attachments -

Tn -~ Final Attachnent Points

(LI GHTNI NG CHANNEL PCsI TI ON
SHOM RELATI VE TO Al RPLANE)

L — an-

FIGURE 1 - SWEPT-STROXE PHENOMENON
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LIGHTNING STRIKE ZONES

ZONE 1B
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FIGURE 2 LIGHTNING STRIKE ZONES (TYPICAL)
(See paragraph 1 OC)
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FIGURE 3 LIGHTNING STRIKE ZONES (TYPICAL)
(See paragraph 1 OC)
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A COMPONENT A (Initial Stroke)

Peak Anplitude =  200kA (+10%)

Action Integral = 2x106A2s(+20%)
Time Duration = <500 yg ~

* COVPONENT B (Intermediate Current)
Maxi mum Charge Transfer = 10 Coul onbs

Average Anplitude = 2kA (+102)

COVPONENT C (Continuing Current)

Charge Transfer = 200 Coul onbs (+20%) i
Anpl i tude = 200-800A - I

COVPONENT D (Restrike)
Peak Amplitude = 100kA (+10%)

. Action Integral = 0.25x1004%s (+20%)
C _ D Time Duration = <500 ps
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FIGURE 4 CURRENT WAVEFORMS




4/12/85 AC 20- 53A

o

)
———

Voltage (Not to s::-le.

Appendi x 2

WAVEFORM 8

VAVEFORM A
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NOTE: Vol tage Waveform "B” Full \Wave = Waveform “B" rises to crest in 1.2 us
(+20 percent). Tinme-to-crest and decay tine (refer to open circuit voltage)
of the lightning voltage generator, and assunme that the waveform is not

limted by puncture or flashover of the object under test.

FIGURE 5 VOLTAGE WAVEFORMS ‘A’&‘B’

50-250us

FIGURE 6 VOLTAGE WAVEFORM ‘D’
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APPLICATION OF WAVEFORMS FOR LIGHTNING TESTS

Wavef or ms .o
Test Zone Vol t age Current Conponents
A B D A B C D E

Full Size
Har dwar e 1A, 1B X x1
Attachnent Point
Direct Effects 1A X X
Structural 1B X X X X

2A x2 X2 x

2B X X X

3 X X
Direct Effects 1A X X
Combustible 1B X X X X
Vapor | gnition 2A x2  x2 x

2B X X X

3 X X
Direct Effects
Corona and X
Streamers
Indirect Effects
Rel ated to Spark x3
Ceneration Wthin
Fuel Vapor Areas

\

NOTE 1: Voltage waveform “p* may be applied to identify lower probability strike
poi nts.

NOTE 2: Use an average current of 2kA + 10 percent for a period equal to the dwell
time up to a maxi numof 5ms., [f the dwell time is nore than Sms, apply an
average current of 400A for the remaining dwell time. The dwell tine shall
have been determ ned previously through a swept-stroke attachnent test or by
anal ysi s* If such determ nation has not been nade, the dwell time shall be
taken to be 50ms.

NOTE 3: Indirect effects should also be nmeasured with current conponents A B, C or
D as appropriate.

1 (and 2)
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